Of 72 clinical isolates of Pseudomonas aeruginosa examined for simultaneous production of secondary metabolites, 86% produced 2-alkyl-4-hydroxyquinolines, 75% produced rhamnolipids, and 58% produced phenazines, including pyocyanin. Whereas isolates producing two or one constituted smaller groups, 39% released all three metabolites. Metabolite production did not appear to influence site of infection.
In addition to the many exoproducts of Pseudomonas aeruginosa which may be associated with virulence, certain secondary metabolites (11) disrupt normal mammalian cell functions. Phenazine pigments effectively inhibit proliferation of human epidermis (4) and lymphocytes (16) , probably by inhibition of electron transport, 1-hydroxyphenazine being more potent than pyocyanin (3). The 2-alkyl-4-hydroxyquinolines, first identified as "pyo compounds" (19) , in oxidized form also inhibit cytochrome electron transport in heart muscle (12) . The rhamnolipids, IBhydroxydecanoyl-p-hydroxydecanoàte with one or two rhamnose molecules, are hemolytic (7, 9, 10, 13) , alter polymorphonuclear leukocyte chemotactic responses at subtoxic levels (15) , and change electrochemical characteristics of bronchial epithelium (17) . These three classes of metabolites impair respiratory ciliated cell function (6, 14) . Although rhamnolipid hemolysin production has been linked to virulence (1, 8) , pyocyanin or pigment production has not (1, 4) . Phenazine pigments were produced by 100% of 11 P. aeruginosa strains in one study (13) and 5 strains in another (21) . Production of 2-alkyl-4-hydroxyquinoline has been examined in only one or two strains (18, 19) . Production of the rhamnolipid hemolysin was found in 83% of 12 strains (9) to 100% of 27 strains (1) . It (20) . Two studies on less than 20 isolates (1, 13) reported simultaneous production of both pyocyanin and hemolysin but did not include the 2-alkyl-4-hydroxyquinolines. No study has examined the incidence of clinical isolates simultaneously producing all three metabolites or some combination thereof, which is addressed by this report.
The 72 isolates of P. aeruginosa identified according to standard key characteristics (5) (6) . The blue phenazine pigment, pyocyanin, was observed on the developed plates. The fluorescent 2-alkyl-4-hydroxyquinolines and phenazine derivatives were detected by UV illumination. Ehrlich reagent stained phenazines. Anthrone stained carbohydrates, and charring showed the presence of lipids (6) . The presence and migration of materials detected in each CHCl3 extract was recorded. The category of phenazine production included either a phenazine compound tentatively identified as 1-hydroxyphenazine (6), pyocyanin, or both. Usually an isolate produced both, but 10 isolates which produced only one or the other were included in this group. Similarly, isolates producing any combination of the four rhamnolipids (11, 18) were classified together as positive rhamnolipid producers. The 2-alkyl-4-hydroxyquinolines were not individually separated by the chromatography.
The levels of sensitivity for the 2-alkyl-4-hydroxyquinolines and phenazines were similar at 50 and 20 ng, respectively. A minimum of 700 ng was necessary for detection of rhamnolipids, which possibly influenced the number of isolates scored positive for these metabolites. P. aeruginosa has been shown to produce 2 mg of rhamnolipid per ml in 24 h (18) ; production of 100-fold less would still be detectable. Thus, it was concluded that the method was sufficiently sensitive to detect even minimal rhamnolipid production by the isolates.
Of the 72 isolates, 62 (86%) produced 2-alkyl-4-hydroxyquinolines, 54 (75%) produced rhamnolipids, and 42 (58%) produced phenazine derivatives. On the basis of incidence of metabolite production by the isolates, these secondary metabolites, ranked in descending order, were 2-alkyl-4-hydroxyquinolines > rhamnolipids > phenazines. The largest group, 39% of the isolates, produced all three metabolite classes, whereas groups of isolates producing two of the three classes constituted smaller percentages (26% 2-alkyl-4-hydroxyquinolines and rhamnolipids, 15% 2-alkyl-4-hydroxyquinolines and phenazines, and 1% rhamnolipids and phenazines) ( Table 1) . Groups of isolates producing only one of the classes were smaller still (8% rhamnolipids, 6% 2-alkyl-4-hydroxyquinolines, and 3% phenazines). Only one isolate examined had no detectable amount of the three classes. Groups of isolates demonstrated production of every combination of one or two of the three metabolites. Therefore, it can be concluded that all three are independent biosynthetic products.
NOTES
The distribution based on site of infection generally followed the overall distribution of isolates in the various categories of triple-, double-, or single-metabolite production (Table 1 ). Exceptions to this generalization, such as isolates from wounds, may be attributed to the small number from that source. Otherwise, metabolite production does not appear to predispose to infection of a particular site.
The present report is the first documentation of the high incidence of 2-alkyl-4-hydroxyquinoline production by P. aeruginosa clinical isolates. The 75% incidence of rhamnolipid hemolysin production observed here is somewhat lower than the 83 to 100% in earlier reports (1, 9). A greater difference was noted in the incidence of phenazine pigment production, 58% compared with 100% in earlier reports (13, 21) . However, the earlier studies were limited to small numbers of strains and may have selected strains producing the metabolite of interest. In fact, pyocyanin production was noted in one study (2) as a prerequisite for P. aeruginosa identification. The level of sensitivity and the chromatographic identification of the metabolites in the present report provide confidence in the observed incidence of secondary metabolite production.
In summary, the secondary metabolites were ranked, in descending order as follows: 2-alkyl-4-hydroxyquinolines > rhamnolipids > phenazines, based on the incidence of production. The largest group of isolates simultaneously produced all three of these metabolites, although other groups of isolates indicated that the three metabolite classes are independently biosynthesized. Metabolite production does not apparently influence the site of infection.
